Effects
Heat sterilization is the most commonly used method for food preservation (Walker and LaGrange, 1991) . However, heat sterilization to inactivate bacterial spores usually results in detrimental changes in the nutritive value, color and flavor of foods (Joslyn, 1991) . On the other hand, hydrostatic pressure treatment (HPT) can inactivate microorganisms without altering the flavor and nutrient components in foods (Cheftel, 1992) .
In food sterilization, inactivation of dormant bacterial spores is the main objective. Dormant bacterial spores are highly resistant to many physical treatments and chemical agents including heat, drying, radiation and chemicals such as hydrogen peroxide (Gould, 1983) considered that most of the germinated spores of B. coagulans were inactivated by HSCT. There were significant differences (p<0.05) between inactivated and ungerminated spores in HGCT, but there was no significant differences (p>0.05) between them with HSCT in B. coagulans. These results suggested that the germinated spores were more sensitive to HSCT than HGCT. Approximately 20% of the spores of B. licheniformis were inactivated, and 70% of B. licheniformis spores germinated with HGCT for 120 min (Fig. 3) . Approximately 80% of the spores of B. licheniformis were inactivated, and 90% of B. licheniformis spores germinated with HSCT for 120 min (Fig. 3 ). There were significant differences (p <0.05) between inactivated and ungerminated spores with HGCT and with HSCT, but there were smaller differences between the inactivated and ungerminated spores with HSCT than with HGCT. These results suggested that the germinated spores of B. licheniformis as well as B. coagulans were more sensitive to HSCT than HGCT.
From the results for B. coagulans and B. licheniformis, it was considered that a part of the spores germinated in 30 min were inactivated at 30 min and most of the spores germinated in 30 min were inactivated at 120 min with HGCT, and most of the spores germinated in 30 min and were inactivated at 30 min with HSCT.
Approximately 40% of the B. coagulans spores were germinated and approximately 10% were inactivated with HGCT. On the other hand, approximately 70% of the B. licheniformis spores were germinated and approximately only 30% were inactivated with HGCT, and there were significant differences (p <0.05) between inactivated and ungerminated spores in HSCT. From these results, germinated B. licheniformis spores were more resistant to HGCT and HSCT than germinated B. coagulans d spores. It was considered that the it was harder for CO, to penetrate into the germinated B. licheniformis spores than into germinated B. coagulans spores.
There have been many studies about the effects of the hydrostatic pressure treatment (HPT) on the germination of the bacterial spores (Clouston and Wills, 1969; Gould and Sale, 1970; Wuytack et al., 1998) . HGCT and HSCT generate the hydrostatic pressure with compressed CO2. Therefore, it was considered that the germination effects of HGCT and HSCT were mainly due to the compressed CO2. In the inactivation of bacterial spores by HPT, bacterial spores were first germinated by hydration driven by high hydrostatic pressure, and then the germinated spores, newly sensitive to hydrostatic pressures, were inactivated if the pressure was sufficiently high (Gould and Sale, 1970) . From a previous study, in HSCT, 30 MPa was considered enough to initiate the germination of bacterial spores (Furukawa and Hayakawa, 2001) . Like in HPT, it was considered that the spores were first germinated by HGCT or HSCT, and then the sensitive spores were inactivated by HGCT or HSCT, respectively.
There have been some studies about the inactivation effects of HGCT and HSCT on the bacterial cells (Erkmen and Karaman, 2001; Ishikawa et al., 1995) and spores (Hata et al., 1996; Ishikawa et al., 1997) , and it was indicated that the inactivation ratios were correlated with the CO2 absorbed by the microbial cells (Kumagai et al., 1997) . In these previous studies, HSCT more effectively inactivated the bacterial cells and spores than HGCT. In this study, spores were more effectively inactivated with HSCT than with HGCT like in the previous studies. In addition, this study indicated that HSCT germinated the bacterial spores and inactivated the germinated spores at higher rates than HGCT. It was considered that the high inactivation ratio was due to the high germination ratio, and also due to the superior ability of HSCT to inactivate germinated spores.
In this study, the effects of HGCT and HSCT on the germination and the inactivation of the bacterial spores were indicated. Therefore, it is considered that some other treatments such as more intensive heat treatment after HGCT or HSCT would inactivate the germinated spores and increase the inactivation ratio significantly. From the viewpoint of the application of HGCT and HSCT to industrial food sterilization, the increase of the inactivation ratio of bacterial spores is considered to be a very important attribute.
